Gauge bosons associated to new gauge symmetries under which the standard model particles are not charged are predicted in many extensions of the standard model of particles and interactions. We show that under very general conditions, the average energy-momentum tensor of these rapidly oscillating vector fields is isotropic for any locally inertial observer. This result has a fundamental importance in order to consider coherent vector fields as a viable alternative to support models of dark matter, dark energy or inflation.
Introduction
Despite the large improvement in our knowledge about cosmology in the last decades, there are various puzzles associated with basic features of the history of the universe. For instance, observational data favour the existence of inflation in the early universe, or the existence of dark matter and dark energy at later times. However, the intimate nature of these components remains undetermined. A possible solution to these questions has been formulated in terms of coherent rapid oscillations of bosonic fields. In this context, scalar models have been traditionally proposed for inflation [1] . Scalar massive particles, such as axions [2] , or other massive scalar [3] or pseudoscalar particles [4] have been considered standard candidates as non-thermal relics. Oscillating scalar fields have also been studied as dark energy models [5] .
Hidden vector models in cosmology
The same approach to these open questions is offered by vector fields. Indeed, a large number of vector models have been studied in relation with cosmology [6] . For instance, inflationary models can be supported by vectors [7, 8, 9, 10, 11, 12] . Isotropic and homogeneous triad configurations of non-abelian vector gauge bosons have been recently considered as a viable model that can be supported even by the standard QCD action [13] (read [14] however).
Vector modes have been also studied as the origin of metric perturbations in the so called curvaton scenario [15] . Coherent oscillations of massive vector fields have been analyzed as nonthermal dark matter candidates in [16] and its phenomenology merges within general hidden photons models [17, 18, 19] . There are also a rich variety of vector dark energy models, with potential terms [20] or without them [21] . In particular, one can observe the evolution of the average pressure along the three spatial directions p (grey line), energy density (blue dashed line) and average pressure p = ρ /3 (black line). The evolution is compute in a radiation dominated-universe, the y-axis is normalized to the initial value ρ(t 0 ) and time, t , is in H
units. For this concrete case, the spatial components of a vector field verify p = p [26] .
The isotropy problem
However, there is a generic problem associated to cosmological vector models. The dynamics of a homogenous vector field is necessarily anisotropic and these models are generically excluded by anisotropy constraints imposed by CMB observations. In any case, there have been several proposals in the literature to solve this isotropy problem. As we have already commented in the previous section, the presence of several vector modes can compensate their intrinsic anisotropy by tuning their global structure. In particular, triad configurations corresponding to SU(2) gauge groups have been extensively studied [22, 23, 24, 25, 13] .
A simpler solution arises if only the temporal components of the vector fields are allowed to evolve [21] . On the other hand, the isotropy violation of vector models can be alleviated by increasing the number of vector modes. A large number N of randomly oriented vector fields reduce the amount of anisotropy by a factor 1/ √ N [8] .
Averaged isotropy of rapid evolutions
Another possibility was analyzed in Ref. [15] , where it was shown that a homogenous linear polarized Abelian coherent vector mode, oscillating with a quadratic potential, has associated an isotropic averaged energy-momentum tensor. This idea has been recently extended to any kind of polarization and potential by means of the isotropy theorem [26] . In fact, it has also been shown to be independent of the Abelian character of the vector field. The theorem guarantees the isotropy of the averaged energymomentum tensor for any type of initial configuration provided that the vector evolution is bounded and rapid compared to the metric evolution. A paradigmatic case is provided by massive vector fields with masses larger than the Hubble parameter in a Robertson-Walker geometry, but there is a large number of possibilities (see Fig. 1 for a different example).
Coherent homogeneous vector fields can be the origin of the unidentified cosmological constituents, such as the inflaton, the dark matter or the dark energy. This possibility is thought to suffer important constraints on anisotropies imposed by different astrophysical observations. However, a general isotropy theorem for vector fields have proved that this is not the case for models based on bounded rapid vector evolutions.
